Several methods exist to study human behaviour in everyday life: e.g. an oral or written interview, measurement of physical variables and observation. All of them have their advantages and disadvantages, which are described in this paper. When a clear picture of actual human behaviour and information about an entire activity are required, for example to assess risks of exposure to chemical substances, it is best to use a combination of available methods. In this way the advantages of all methods can be combined. This was done in the Wageningen mouthing study of which some results are presented. 
INTRODUCTION
In everyday life consumers use products that contain chemical substances. Inhalation, ingestion and/or dermal contact with these substances might possibly be harmful for the consumer's health. Often consumers are not aware of the potential risks of certain substances available in products they use. Sometimes users have only a slight idea of the potential harmfulness, but they often assume it will be safe.
Whether this assumption is true or not, fact is that the manner in which people use these products and the protective measures they take, may influence the harmfulness for the user's health. When estimates are made for the harmfulness of chemical substances, human behaviour is one of the variables in the models used for this purpose. However, it is hardly known in which way consumers or users exactly make use of different kinds of products and what measures they take to minimise harmfulness. The variability in way of handling, intensity and duration of contact and factors that influence this behaviour are hardly known. From another study (Weegels, 1997) (Steenbekkers and van Beijsterveldt, 1998) , and there is no reason to think this variation is not present in the behaviour when using chemical products in households. Therefore in-depth study of behavioural aspects related to the use of chemical products is necessary to gain more insight into the different ways of behaving. Several methods exist to gain insight into human behaviour. A study on the use of biocides in households, in which several methods are combined, is currently ongoing, and results are not yet available. Therefore in this paper methods available to inventory and to assess variation in human behaviour will be illustrated by examples from our study on mouthing behaviour of young children (Groot et al., 1998) , which is conducted using comparable methods. This mouthing study of Wageningen University was part of a larger Dutch project in which risks of phthalates for young children were assessed. This project carried out under the responsibility of the Dutch Consensus Group, consisted of four parts (Könemann, 1998):
1. a human volunteers study to determine release rates of di-isononylphthalate (DINP) from PVC samples into saliva (carried out by TNO Nutrition and Food Research Institute) 2. a child observation study to determine the oral contact time of small children with baby toys (carried out by Wageningen University)
3. a new assessment of the exposure of babies to DINP from soft PVC specimens (carried out by RIVM) 4. development of a routine laboratory method to determine the release rate of DINP from PVC baby toys (carried out mainly by TNO Nutrition and Food research Institute, with assistance from other laboratories).
In this paper background information and results of the Wageningen mouthing study are presented in order to give insight into the influence of the research methods used on the results found.
METHODS
Several methods exist to study human behaviour; all of them have their own advantages and disadvantages. These will be described below.
Interviews
When adults are concerned it is generally accepted to use interviews to obtain information on variables like their habits, opinions, expectations, knowledge, attitudes (Baarda and de Goede, 1990) . The interviews can be either oral or written (and are then called questionnaires) and the questions can be structured or unstructured.
Written interview.
Written interviews or questionnaires are most often used for quantitative research, in which questions have to be answered related to countable aspects: how often..., how many... etc. It is however also possible to obtain qualitative data by means of such a questionnaire, for example in order to gain insight into a person's opinions and expectations.
One of the advantages of a questionnaire is that it is rather easy to obtain data in this way and that the costs are relatively low. Large groups of respondents can be reached using this method. These large numbers are necessary in order to gain statistically reliable data.
Use of a questionnaire can also have disadvantages. In both qualitative and quantitative research the questionnaire ought to be well thought out, to prevent the generally known principle of 'garbage in-garbage out' from being present. The concepts must be operationalised in such a way that validity is guaranteed. The questions must be phrased unambiguously. This requires the questionnaire to be pretested thoroughly.
Still there are several reasons to doubt the given answers (Bercini, 1992; Foddy, 1998; . It is possible that notions are interpreted in another way than the researcher meant or that notions are not understood. For example Bercini (1992) gives an example in which subjects had to answer the following question: 'During the past year have you been bothered by pain in your abdomen?' The subjects had to mark on a diagram of the torso the region where 'the abdomen' was. None of the 12 participants shaded the same set of blocks. Apparently there was no consensus regarding the meaning of the main element of the question.
Also the point of reference might be different between persons. In a study of the elderly , subjects had to answer the question whether they had difficulty performing certain household activities, like making a bed. When answering this question some subjects compared their present capacity with the time when they were young, while others compared their capacities with age-mates that perform either better or worse. Also a number of male subjects answered that they had no problems with making the bed, but added that they in fact did not know, because their wife used to make the beds. All this could be concluded from the answers given in the interviews, which were held after the questionnaires were filled in.
It is also possible that persons have difficulty remembering the relevant aspects, which will lead to incomplete or haphazard answers. Sometimes they might be even unaware of the subject asked. In that and other situations, the questions might lead to social desirable answers.
Oral interview. Interviews are generally used to obtain qualitative data, but can also be used to obtain quantitative data. It is often used when the questions are unstructured or when the questions are very complicated. Questions are asked to gain insight into for example the respondent's opinions, feelings and intentions. This method is necessarily limited to a relatively small number of subjects, because for a researcher it is a very intensive and time consuming process. A relatively small number of subjects is no problem, when a goal is to get an overview of different opinions in a sample of respondents and not to gain insight into the number of persons in a population that have a certain opinion. A large advantage of this method is the possibility for the researcher to ask additional questions for clarification. In this way some of the disadvantages that count for the written questionnaire can be overcome. This requires an intensive training of the interviewer.
However, one can ask oneself whether people actually do what they say they do. There often seems to be a discrepancy between these two things (Weegels, 1998) .
Especially when the object of study is not appealing to respondents or when they are not asked to actually perform their intended behaviour, they might more easily give social desirable answers.
Measurement of physical variables
Different kinds of measurements can be used to gain insight into variables like frequency of use (with S127 Wageningen mouthing study e.g. an automatic counter), the amount of product used (balance) and the duration of use (stopwatch), instead of asking the user about these variables. These kinds of measurements can be done in such a way that they are hardly a burden for the respondent and the results are rather reliable. Most of these measurements can be performed often and over a long period without influencing the results. To diminish the work of the researcher, the subjects are sometimes asked to write down the results of these measurements in a kind of diary. Here subjective interpretations (probably less than in a questionnaire) can be made by the subjects. Differences between physical measurements and data in diary reports can be very large (Groot-Marcus, 1998) . Sometimes the measurements can be inserted automatically into the computer. This is more convenient for the subject and will generally lead to more reliable data.
However, not for all types of products it is possible to use equipment or apparatus to assess the frequency and time of use unobtrusively, e.g. the frequency in which a young child puts toys in his/her mouth during the day. Other methods are required to study these topics.
Observation
The way a product is used, how it is held, where it contacts the skin, etc. cannot adequately be studied with above-mentioned methods. To answer these kinds of questions systematic observation is a suitable method. It gives qualitative and quantitative data about human behaviour when handling a product. The data can be very accurate. This method is hardly a burden for the person to be observed. The observation can be done by an observer and/or by means of a video camera. In the latter case the tape can afterwards be reviewed again so the analysis of the data can be done accurately. The subject can be asked to 'think aloud' in order to gain more insight into the reasons for behaving in the way the subject does.
Of course this method has some disadvantages too. It is very time consuming and thus costly to observe subjects and to analyse the data. For this reason the number of subjects observed will in general not be large. But again, this is not a problem given the fact that in such research the researcher is generally interested in the question 'how' and not in 'how often'. The behaviours shown by only a relative small sample can be said to be at least not rare (Kanis and Vermeeren, 1996) . The fact that someone is watching or that a camera is running might distract the observed person from the task he/she is doing. This problem however often diminishes after some time: persons get used to being observed and they appear not react to that anymore after some time. The observer has to be trained very well in order to avoid the observations from being subjective and thus introducing observer bias.
THE WAGENINGEN MOUTHING STUDY
When dealing with (young) children the assessment of their behaviour is even more difficult than assessing adult behaviour. Assessing their behaviour is very important, because children are a special risk group. In some instances it is possible to ask parents in an interview or questionnaire about the behaviour of their child. But then the disadvantages described above might be present too.
However, when the topic is something like 'mouthing behaviour', it appears that parents are not aware of that behaviour in detail . Then observation of the child seems to be the most appropriate method to gain more insight into this type of behaviour. The question to be asked next is who has to do the observation. Because in our pilot study it was learned that children are easily distracted when a 'stranger' or a camera is looking at the child, it was decided in our main study that the parents should observe the child. They can observe their child more unobtrusively.
Also, in order to avoid fatigue the observation periods must not be too long. Next to this, parents generally have other things to do too, so they will not have the opportunity to observe the child continuously.
In the Wageningen mouthing study parents of children in the age between 3 and 36 months observed their child ten times for 15 min on each of two separate days within one week. During these observations they measured (with a stopwatch, supplied by us) and registered in a diary the time during which the child was mouthing and the kind of product the child was mouthing. This was categorised into dummy (pacifier), fingers or other parts of the body, toys and non-toys. Next to this the kind of toy was specified in order to be able to distinguish afterwards between toys meant for mouthing and toys not meant for mouthing. The intensity of the mouthing behaviour (licking versus sucking/biting) was indicated too.
By means of a written questionnaire background information about demographic variables and eating and sleeping habits was obtained.
Using parents as the observers can lead to several methodological problems:
1. Differences in interpretations of the concepts; 2. Subjectivity of the observer; 3. No description of mouthing behaviour of the whole day.
In our study these problems were dealt with in different ways.
1. In order to minimise differences in interpretation of the concepts the parents were instructed by means of videotape, which showed examples of various types of mouthing behaviour. On this tape it was also shown how the stopwatch had to be used and the way the results had to be noted down. 2. A number of 'shadow-observations' were done, in Downloaded from https://academic.oup.com/annweh/article-abstract/45/suppl_1/S125/161551 by guest on 21 January 2019 S128 L. P. A. Steenbekkers which one of the researchers observed the child together with the parent, in order to see whether comparable results were obtained. During 13 15-min observation periods of three different children the observation was done simultaneously by both a parent and one of the researchers. The mean total observed mouthing time per observation period was 479 seconds. Both observers (i.e. parent and researcher) had exactly the same time in five cases, the values of the researchers were larger than those of the parents in another five cases and in the three other situations the parents had a larger value. The mean absolute difference between parent and researcher was 14 s. This is a difference of 2.9%, which is not statistically significant. 3. The data of the observed periods are extrapolated to total mouthing time per day (the time the child is awake and not eating). This was possible, because in the diary the parents also noted down the daily routine of the child: the duration of all activities the child was engaged in from raising in the morning to going to bed in the evening. In order to get an idea of the representativeness of the observed periods for the whole day four children were observed the whole daylong in order to compare the total observed mouthing time with the extrapolated mouthing time. The mouthing time on other objects than the dummy was the one aspect to be compared for this mouthing study, and showed rather comparable results (Table 1) . It was concluded that the observed periods could be used to estimate total mouthing time per day.
RESULTS
Data of 42 children are obtained. The children are divided into four age groups, according to developmental period: ț 3-6 months (N = 5); ț 6-12 months (N = 14); ț 12-18 months (N = 12); Total mouthing time is only recorded from the afternoon until the child went to bed in the evening. The extrapolated time is calculated for this period of the day (about 4.5 h) ț 18-36 months (N = 11).
Five categories of objects are discerned: dummy/pacifier, teether, fingers, toys, non-toys. The parents specified the toys involved. On the basis of this specification the toys are divided into two groups: toys meant for mouthing and toys not meant for mouthing. This distiniction is made according to the definition producers of toys give. It should be noted that parents employ a different distinction.
The total time of mouthing behaviour in the observational period is extrapolated to the time the child is awake and not involved in eating. This will be referred to as the 'awake time per day'. This is the total time of a day that the child has the opportunity to put objects into the mouth.
The total mouthing time per day differs much between children, both within and between age groups. The variation is large. The results for the different age groups are given in Table 2 .
The total mouthing time, without dummy, varies in this sample between 0 min and approximately 3 h. Mean total time is 26 min (standard deviation: 32 min) for all age groups taken together. Children in the youngest age group (3-6 months) use mostly their fingers to mouth on, whereas children in the age between 6 and 12 months of age spend most of this total time mouthing on toys (not meant for mouthing). In this latter age group largest values for total mouthing time are found (Fig. 1) . 
CONCLUSION
A number of methods are available to study human behaviour. The results obtained in a study on human behaviour depend heavily on the methods used. When one wants to estimate the risk of use of products it is necessary to study actual behaviour in the everyday setting. Which method is used depends on the goal of the study and the available time and money.
Generally speaking observation is the best way to gain insight into behaviour when using products. Variables like the amount used and frequency of use can best be assessed by means of physical measurements. Demographic (background) information can be gained by a written questionnaire and the reasons for behaving in the way one does can most accurately be discovered by observation and an interview afterwards, in which the subject is also confronted with the shown behaviour.
The Wageningen mouthing study demonstrated again that it is best to combine different methods to obtain information about an entire activity and the person(s) involved. In this way the advantages of all methods can be combined and this gives a rather complete and accurate picture of actual behaviour.
The results of the Wageningen mouthing study show that children in the age between 6 and 12 months are at highest risk when mouthing is involved. In these children a relatively low body mass and a large mouthing time are combined.
